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Quad Antenna 


BY BRIAN WEBB 


Much of the excitement and 
intrigue of ing can be found in 
the 108-174 MHz VHF high band. 
Scanner enthusiasts can improve their 
reception of weak and distant signals 
in any segment of this band by using 
a fee Gas antenna. Several types of 
commercial antennas are available, 
but most of those with any 
appreciable gain are priced ovér $80. 
However, a high-gain antenna can be 
built for ‘a fraction of the cost of a 
commercial unit. Of the various types 
of high-gain antennas, one of the 
prepares cc Md 


Quad Design 

? The typical quad antenna 
consists of three to five elements, an 
equal number of spreaders, and a 


REFLECTOR 


ORIVEN 
ELEMENT 


ich “has 
greater than that 


i spreaders and boom hold 
the elements in the correct position 
with respect to one another. Both the 
spreaders and boom are usually made 
of a nonconductive material such as 


wood. : 
The gain exhibited by a quad 
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re 


CONNECTOR 


is determined by the number of 
elements. A two element design, with 
ef < oe Beja and reflector, 

ve 7. of gain compared to 
a dipole (nondirectional) antenna. To 
obtain. more gain, one or more 
directors are placed in front of the 
driven element. The addition of one 
director raises the gain to 9,3 dB. 
Useof a second and third director 
increases the gain to 10.2°dB. and 
11.0 dB respectively. However, as 
each additional element is added to 
the design, the increase in . gain 
becomes smaller and smaller. In spite 
of this, it’s sometimes worthwhile to 
build quad antennas with eight or 
more directors. : 

The directivity exhibited by a 

is also determined by ‘the 
number of elements. As a mule, the 
greater the number of elements the 
more directional an antenna will be. 
In practice the directivity of quads 
with eight or more elements isn’t a 


DIRECTION OF 
MAXIMUM GAIN 


Figure 1. Typical quad antenna 
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Table 1. Quad antenna design data for selected frequencies 


Frequency 
(MHz) 


Reflector 


Length (mm) 


Driven Element 


Length (mm) 


Ref lector-to- 


Director Driven Element 


121,200 2590.3 


141.000 2226.6 
154.950 2026.1 
156.850 2001.6 


168.000 1868.7 


handicap and is offset by the 
Although quad antennas 


provide gain, they only do so over a 


limited range of frequencies. This is, 


referred to as bandwidth and is 
determined by the thickness of the 
elements. As a rule, the thicker 


elements, the wider the bandwidth. _ 


Unfortunately, increased bandwidth 
comes at a price because there’s 
tradeoff between bandwidth and gain. 
Thin elements yield a bandwidth. of 
about 3.5% while thick elements give 
a bandwidth of. at least: 8%. 
Therefore, a quad designed for 
150.000 MHz with thin elements 
would provide gain over 6.0 MHz 
Tange centered on the design 
frequency. 


requiring only that 
the lengths of the elements and their 
spacing be calculated. The lengths of 
the elements are determined using the 
following formulas: 


Driven Element Length (feet)= . 
1005 divided by * 
Operating Frequency (MHz) 


Reflector Length (feet)= 
1030 divided by 
Operating Frequency (MHz) 


Director Length (feet)= 
915 divided by 
Operating Frequency (MHz) 


When calculating the lengths 
of quad antenna elements, the 
thickness of the elements should be 
taken into account. The lengths 
derived from the above equations are 
valid for the design of VHF high 


2527.4 2452.0 550.4 


2172.5 2107.7 473.1 


1976.9 1917.9 430.5 


1953.0 1894.7 425.3 


1823.4 1768.9 


bands quads if the wire or rod used 
for the elements has a diameter of 
‘/e inch or less. For elements a 
diameter of %-inch the len; 


to be increased. by 2% (use the above:, ~ 


equations. and multiply, the results by 


1.02). ‘ ; 
_.« >. Besides . the lengths of the 
sleenrote another design’ consideration 
is their spacing. The spacing of the 
elements . is determined. using the 
following formulas: . 


Driven Element-to-Reflector. 

son (fest)= 983.6 rien by 
rating Frequency (MHz) 

multiplied by 0.2225... 4 


Driven Element-to-Diréctor 
Spacing (feet)=. 983.6. divided by 
Operating Frequency (MHz) 
multiplied by 0.1632. 


Director-to-Director Spacing (feet)= 
983.6 divided by 

Operating’ Frequency- (MHz) 
multiplied by 0.1632 


Working | with dimensions : 
expressed in decimal feet (i.e. 6.28.~°-reception ’ of —’ most the 
“ 138.075—143.875 MHz federal band 


feet) is awkward because rulers and 
tape measures are divided into. feet 
and inches. When designing and 


- building a quad, a higher degree of _ 


precision and greater ease of 


- construction can be had by converting 


the dimensions from feet to 
millimeters, The conversion*=* is 


accomplished with the formula _ 


below: 
feet multiplied by 304.8= millimeters 


The final’ quad design 
consideration is polarization. For any 


Driven Element Director-to- 
-to-Director 


Length (mm) _ Spacing (mm) Spacing (mm) _ Spacing (mm) 


Director 


403.7 
347.0 
315.8 


403.7 
347.0 
315.8 
311.9 311.9 


291.2 291.2 


antenna to work properly it should be 
oriented in the same plane as the 
transmitting station’s antenna. A 
quad’s polarization is dictated by the 
orientation of the. driven element side 
connected to the coax. If it runs up 
and down, as in Figure 1, the 


polarization is vertical; if it runs 


parallel to the horizon, the 
polarization is horizontal. Since 
Virtually all 108-174 MHz stations 
Coens eee 
mounting s i to 
drilled into the boom so that the quad 
ee Te rcocsdin . 
i paragral 

contain all of the information needed 
to design a VHF high band quad. To 
simplify matters, the antenna design 
data for five selected frequencies is 
presented in Table 1. The first set of 
dimensions, for 121.200 MHz, are 
for building a quad to monitor the 
bottom of the VHF aero band which 
is used by helicopters, . fixed-wing 
aircraft, balloons, and 

stations. The next line contains the 
design data for a 141.000 MHz 
antenna which would ae for 


which is used by the U.S. military, 
Coast Guard Auxiliary and FEMA. 
The third set of dimensions are for 
154.950 MHz. A quad built for this 
frequency would cover _ the 
152.20S—157.6948 MHz range which 


a includes channels used by businesses, 


taxi companies, tow trucks, highway 
i personnel, fire 
departments, local and state police. 


_ Also included .in this range is the 
- VHF marine band. The next line has 
. design data for a 156.850 MHz 


antenna which would provide 
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epee of = 154.1052—159.5948 

MHz range but is optimized for the 
VHF marine band. The last set of 
dimensions for 168.000 MHz is for 
. constructing a quad to cover most of 
the 162.0125—173.9875 MHz federal 
band. This part of the spectrum is 
used by the U.S. military, ATF, FBI, 
IRS, Secret Service, and other federal 


agencies 
The data in Table 1 is also 


eaues our results with mine. If 
the umber soma ree working 
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quad, use. 
a element materal is a 


the 
of a ridgid materal will help the i 


the coax resist Get under 
cable’s weight. _ Furthermore, 
elements retain their 
when a of a ridgid material. 
The spreaders and boom are 
both made of wood. The type of 
wood - isn’t very important and 
inexpensive varities such as pine or 
fir should suffice. When selecting 
wood, make sure that it’s dried; 
straight; and free from knots, 
cracks, and other defects. For the 
spreaders, look for a length of wood 
that’s at least 7/, x 3/,-inch thick. The 
boom, since it supports the weight of 
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Fis 


better 


Figure 2. Preparation of driven 


element ends 
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at 1 x. 1-inch thick. : 
thickness of .1'/. x 1'/yinch for 
designs with six to twelve elements. 
The other items gm 
build a quad are a le 
BNC connector; 18 ble aie and 
washers; a #4 screw, nut and 
washers; Kester 2% silver/98% tin 
or number _ 82505) or 
equivalent temperature silver 
solder; Plumber's Goop or. similar 
adhesive/sealant; butt connectors; and 
electrical tape: While almost- any 
flange-type saa BNC connector 
can be used, I recommend military 
ion connectors. Mil-spec 
connectors have a center insulation 
pave of Teflon which hs nagen a the 
of soldering. Likewise, although 
any electrical grade lead/tin solder 
can be used to build the antenna, I 
advise using silver-bearing because 
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oe ELEMENT INSERTED INTO 
CuP AND SOLDERED 
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“SPADE LUG 


Figure 3. 


FILED TO A POINT 


Ve DRIVEN ELEMENT 


it’s much stronger. The Achilles’ heel 
of the quad is where one of the ends 
of the driven element is soldered to 


connection that’s much more 
resistant. 


Construction | 

If you’re making the elements 
from insulated wire, tie one end of 
the wire to a fence post or other 
anchor, pull on the wire, and 
carefully strip the insulation with a 
single edged razor blade or knife. 
Then grab the far end of the wire and 


pull hard in order to straighten it. 


Next, the elements are made 
one at a time. Use a ruler with a 
millimeter scale to measure off the 
total length of material needed for the 
element and then mark it. The 


FLANGE-TYPE 
FEMALE BNC 


the CONNECTOR 


ANTENNA ELEMENT 


Connection of driven element to BNC connector 


Figure 4. 
Finished spreader 
END ee 


° 5/32-1NCH HOLE 


WOODEN SPREADER—— 


END NOTCH 


material is then cut or sawed. Using 
the ruler, mark the places on the 
element where the bends will be 
made, but make sure that the marks 
“are correctly placed so that the ends 
will meet halfway on one of the 
sides. \ 

The element is then bent into 
a square. Metal rod can be difficult to 
bend due to its stiffness. Bends with 
uniform curves can be obtained by 
doing the following: Place the jaws of 
a pair of pliers 5 millimeters to one 
side of a bend mark and bend the 
material a few degrees. Then place 
the pliers an equal distance on the 
other side of the mark and bend the 
material on equal amount. Continue 
the process of placing the pliers on 
each side of the mark and slightly 


bending the material until you have a . 
90° bend. 


Once the reflector and each 
director has been formed into a 


ends soldered together. When each 
element is finished, label it (reflector, 
director, ect.) so that you can later 
tell the elements apart. 

After the driven element has 
been bent into a square, the ends are 


shown in Figure 2. A spade lug i 
slid over the trimmed end, turned 
away from 


end is inserted into the cup 
in the BNC connector’s center and 


used for the spreaders and. dra 

lines across it that are the same 
distance apart as opposite sides of the 
element. Drill a hole in the center of 
the wood on each side of the lines. 


spreaders and drill a %/,-inch hole. 
The _ finished should 
resemble the one in Figure 4. 

Next, “each element — is 
mounted onto its spreader. Slide each 
element over the spreader until it fits 
the spreader in the -center of i 
element, apply- generous’ amounts o: 
Plumber’s to each end of the 


spreader, and then label the spreader 


. With‘ the “element’s* name (reflector, 


director 1, director 2, etc.). Allow 
the adhesive’ to cure for several 


* The boom is the final part of 
the quad to be made. Calculate the 


Mark the position of each element on 
the boom. Then drill a */3)-inch hole 
for mounting each element. 

The antenna is ready for final 
assembly. One by ome, slide the 
reflector, driven element, ~and 
director(s) over the boom and screw 
them down Pick up the quad, find its 
center of balance, and mark it. Drill 
the hole(s) for mounting the antenna 
to the mast at the center of gravity. 
Be sure to orient the holes so that the 
quad is vertically polarized. Connect 
the coax to the BNC and run it away 
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from the antenna for a distance of 
about 455 millimeters. Then loop it 
back into the quad between the driven 
element and director, run it along the 
boom out the back of the antenna, 
and then use electrical tape to hold 
the coax in position. Check the solder 
joint between the center of the BNC 
connector and the end of the driven 
element to verify that it’s not broken. 
If everthing’s in order, apply 
Plumber’s Goop liberally over the 
entire BNC connector and the end of 
the coax to seal out moisture. The 
Quad is now complete. 


Installation : 

’ Before installing the antenna, 
make* absolutely sure Posy a Buss 

r, tel , OF le i 

= the ci ge installation. : Under. 
no circumstances attempt to erect the 
quad anywhere near such a cable, 
Not following this advise could result 
in death by electrocution. 

If the desired location is safe, 
mount the antenna to the mast and 


local 
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